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© Process for the catalytic partial oxidation of hydrocarbons 

® A Droce$s catalytic partial oxidation of a hydrocarbon feedstock comnrico* ™«t*,^ „ . . 

?*J"** ° f from °" 45 t0 * abated pressor* vrfth a catalyst m a r^r^no S/Ktor 
adlabaac cond.Sona v-hfeh cetolyrf compels , ^ 58tectBd from Group via o. the Period 

tafcos* The fixed arrangement of the catalyst is preferably a fibbed of a partial* calaJy* Tor a 
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Tha present invention plates to a process for ma cataivt.v i -i 
ocular a process tor the preparation of TmbcJe 3 c^mrCJo 2"E hy f rwarbow ' ,n 
nature. gas . 83SO ciated flas w o,W source, of SSSdScSSS. ^ m ° ,han * 

T,op,ch *ynthesi*. hydrocarbon waxes, lubricating base oils or mSoL 

The optimum catalytic partial oxidation process would oh/« k;«k i 

- see s xssssrzfsr ■ 5 ~ 30 to ™* ^ — 

«!• I a ,? . 'hermodynam,c reasons, in order to obtain high yields of carbon monoxide 

SS-C whiTLtr^ T "««*^r high pook temperature occurring. typica«y In excoss * 
1200 C. whtch peak temperatures ara undesirable in a commercial rector. Aceord^ly thore exiate « 
75 need for a partial oxldafion process having a high selectivity for the production of carton mo^e tnl 
hydrogen mnHon of high throughput which avoids the oocurmooe <5 Tgl J^XSSE? 
. , A ; ? ^T" aWl . 0pCrBt: :? «* P^- oxidation hav* fen p^poseo. Tnus, 

Chemistry. Sue. Cancan Chemical Society. San Francisco Meefing, 5th to 10th April 1992 disctosa dateH* 
of laboratory scale experiments in which a single pass reactor pacLwim ; iXSSwSS 

K W9fe Khi,V9d exceeded those achievable under, condition* 

of thermodynamic eqo.iibrium. However, operation of a commercial scale reactor under isothermal con^ 
d.bons presents complicated operational problems and is preferably avoided KOlhermal con- 

Y' 91 *• Chw "^ E "9 h » ertn 9 Sc^ce. Vol. 45. no. a, pagas 2407 to 2413. 1880, disclose a 
™ ^? ,,0, \ 0 ' B» "»v (ho oaiatyfc pariio/ oxidation of natural B „ w«h air. Tho 

r PteV5 » b, ? ,rect » na ' adlatetic ,eac,cr <*•"■«» « a cyclic manner In which the gas flows am 
panod|calry reversedjn order to maintain a high operating temperature. However, this cytite modVS 
operation results in tfw reactor being maintained in an unsteady state. Such a preoass^mdd rJSent 
oo operational problems if operated on a commercial scalo. ^ present 

^S^/"!! 1 Application publicabbn No. 0 303 438 (EP-A-0 303 438) discloses a process tor the 
Z^l^^ d ?° n 0f 3 "^carbonaceous feedstock in which a gaseous mixture of me hydrocar- 
bonaceeus feedstock, oxygen or an oxygen-containing gas and, optionally, steam. Is introduced into a 
catalytic parbal oadauon zone to contact a catalyst retained therein, which catalyst has a surface area to 
as volume ratio of at least 3 cm*tan». The catalytic partial oxidation zone is Insulated against heat loss by a 
^T^' ^ 2^ 0 l c T bfe } osuMon ma,erial The catalyst employed in the process may comprise a 
wtde range of catalybcaiiy active components, for example palladium, platinum, rhodium, iridium, osmium, 
ruthenium, nickel, chromium cobalt, cerium, lanthanum and mixtures thereof. Further. It Is stated In EP-A-0 
303 438 that materials not normally considered to bo catatytlcally active may also bo employed as 
40 catalysts, for example refractory oxides such as cordierite, muilite, muilite aluminium titanaie, zirconia 
SP !Z! a,um,na - ^ cato'ys* m «y b« of a variety of forms, for example sheets of corrugated metal 
packed to form elongate channels therethrough or wire mesh. However, preference is given in EP-A-0 303 
438 to the use ot catalysts in the torrn of monoliths. 

The Example of EP-A-0 303 438 Is concerned with a catalytic partial oxidation reactor in which a series 
of nine spaced apart catalyst discs are employed, each disc comprising a honeycomb monolith of thickness 
to incies (0.25 metres). Trie reactor was operated using a feed comprising natural gas (>95% methane) 

Zt T^r'T^VV" 1 ™ rtrti0, ' Bt ° 903 SP0C ' Ve,OCitV ° f 97 ' 000 h '-' a " d *' temporal of 
OfQ g . 850 C and 1040- C. The honeycomb monoiitn catalyst structuro is required in order to provido a 

m^L SuWd8fl,,y ,ow prMSUre dr °P acfos » « h « «>alysl » allow the very high space velocities 

demanded by the process to be achieved. However, such a reactor is expensive to construct and operate 
and is unde*rablo on a commercial seal©. 

An attractive process regimg would be ono in which ths food Qas *g ar* contacted with a partioulato 
catalyst retained rn a fixed bed wiihin a roactor. Such a legime i$ well known for aoplicaticn in a wido ranoo 
ot processes. Hoover, to date It has rot been possible to employ such a reactor on a commercial scale tor 
ine steady st ate catalytic partial cxtaatlon of a hydrocarbon as the volume of catalyst required in the fixed 
bad has resulted in a hi Q h prwsura drop across tho bod, which in turn has prevented the very high qw 

space velocities required for operation from being achieved. 
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rf a specific set of process parameters ara ^mTfuSi^ h h„ ? ^ spacs '"Suirod 

c under ft. aforementioned sofof 5!U^2S£2 ^iJtSfS?^ t * Bn '° U ° d *" 

con.a.n.ng gas and. UnS^^Si^^ an oxygen- 

/o at eiox/atod pro^uro with a catalva* in a ^^IT ^ rDon m0,3r ratl ° ,n to 'ange of from 0.45 to 0.75 
« M «MctM r-om^y^« 1 POSTS' ^Jff«* «W» eowS 

way. the nead for handling a larg* voiumo of inert «. TZJiL*.^^ <»W>»-coirta,n,ng gas. In this 

the ratio of oxygon In ft, form of Z^Zs'ZTto^ T «WH*carboo. ratio refer to 

Preferably, the oxygen-lo-carbon rate is £ mi^J^t in *• *>*°<*>bon feedstock, 

about tha^io^^S Wng e^i^rat^o" ^"-^^ °< 

J-J. bed te 

Trie partial oxidation of tha hydrocarbon feedstock ia »ff»rf«H in th* ^ 

tfoned mono™ ^cturaf ana Ta 7 , * ° S ' ty 3ubstantlal '* 9™*' *an *« of the aloremen- 

» STbSTSo 2? SJi! ^ 80 arfangomem - P^ es « of the monoilth a?a arranged 
Stanifcantir^^nri ; 1 00n9at<> Chafln ° ,S p '° sont lo ,ho moterfa » formed, theroby 

suor*m«i ™ , ■ P rocess « lh«s invention. A fi)«d bed comprising a catalytically active metal 
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dof T^ff is a cemmon term " n »• « when referring to a fixed catarvst bad r*n 

The catalyst comprises a carrier. The metal of the metal gauze or the ceramic material of the ceramic 
town, may bo used os the carrier for the catoiytlcally active components Of the caalyst SMtebta S 
materials for use In prepanng the particle catalyst are well known in ^J^ZJ^lr^Z 

TlU^T^^- 2, '^ nia " d *— A most c^EitS££2?2 

J ^ 15 ^° m " ia ' to P^^* alpha-alumina The catafytfcally active componeoTmay Z 
STrl ^ T n,qU93 Wa " lM)0wrt in the art A most aSabte JZdS^SSSSi 

catalytically acttvo component on the eerier material of the particulate catalyst * imp, Bg ^n Z 
ceramic loam* useM a, -supports for the cataJyteaJly mate! may be p«pWfrl 
uoneo refractory oxides, typically alumina and are available commercial^ Sutabte Z^Z Z^T^TtZ 
example those hav^jrom 30 » 150 pores per Inch (12 to 00 pores £r J££tfES££f m 
most suitable method tor depositing the catatytically active metal Into the ceramic foam carder 

The combination of process features discussed hereinbefore allows a fixed catalyst bad of low volume 

x^CorcSsJ^ SST^r.T h,9h SpaC ° » ' commercial ^ 

^Sl? apP "f Typte *' f 83 ^ are in the range of from 20.000 to S0.00O0C0 

7n£^Z?S Y . r * n9 ° * ,rorn 5 °.«» to 10.000,000 NMmr. Space vetoclfles of the orderot 
1.000,000 Nl/Vtir are typical (or the process of this Invents * 

rangI y S ^tlT**"** " "° * ™ 60 appHed *• ™ re drably in the 

W .'' catalyst at elevated temperatures. Operating temperatures for the partial 

Oxidation axe m the ran 0 e of from 750 to 1200-0. wi«h temperatures In tha range of from 1000 to £ C 
being typical Advantageously, the feed is preheated prior to contacting the catalyst 7t is a further 

nerombofore to be applied. It Is not necessary to limit the preheating of the reed to ensure that tha 
auto.gn.t.cn temperature of the feed mixture fe exceeded prior to the feed contacting the catalyst, h is 
^"1° 1!™ J« wmponento of the feed to mix prior to contacting the catalyst, whilst ensuring that the 
feed, onca fully mbsd. contacts the catalyst bolero the autolgnitlcn delay time elapses. 

in a further aspect, the present Invention relates to caibon monoxide or hydrogen whenever creoared 
oy a process as hereinbefore described. ^ ^ 

The process of the present Invention i 3 forther described by way of the following illustrative examples, 
■n wh.ch Examples 1. 2 and 4 exemplify a process according to the present invention and Examples 3 and 
5 are comparative examples. 

Example 1 

Catalyst Preparation 

A pfalinum/alpha-aiumina catalyst was prepared by impregnating a commercially available, particulate 
alpha-alumina earner with an aqueous solution of chloroplatinic acid (HsPtCl,). followed by drying and 
calcining the impregnated materiel. The catalyst comprised 0.5% wt plallnum. 

Catal ytic Partial Oxidation 

A reactor was constructed comprising a transparent sapphira tube mounted concentrically witnin an 
outer transparent polycarbonate tube, a radiation impermeable, platinum foil was placed around the inner 
sapphire lubo. Tho catalyst wee loaded into the inner aapphiro tube. The catalyst w « retained in the form 
of a fixed bed of catalyst particles having a tortuosity of 1.5. Methane and oxygen, in sufficient amounts to 
give an oxygeo-to-carbon ratio of 0 5. were fed to the reactor and thoroughly mixed just prior to being 
introduced into the reactor at a pressure of 2 bar and a gas hourly space velocity (GHSV) of 900.000 NMir. 
Tho teed had a reaidenco time in the catalyst bed of 9 milliseconds. 
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™«L < ? n,p<Wi !? n 0i .** 088 mixturo ,eavin S be rector was determine by cms chromatooraphy The 
realtor and tho results of the oxporlmant are summarised fn Table I beretatreiow. 



s Example 2 



The experiment of Example 1 was repeated using the same general method. The operating conditions 
olthereactOTimdthera£ult3 8 r B setoutinTablelbe,»;ebolov». operating conditions 

«» Example 3 - Comparative Example 

For comparison purposes, tho experiment of Example 1 was repeated, but with tho omiwion of the 
platinum fo,l. The operating conditions and the results of this comparative experiment are set out In Table I 
harem below. 



herein below 
Catalyst Preparation 

A rhodiurtv'Wpha.alumiiid catalyst wee prepared by imprecating a commercially available. parUcuJaro 
a^aJumifw carrier with an aqueous solution of rhodium chlorite (RhCfe). followed by drying and caldnino 
the impregnated material. The completed catalyst comprised $.0% wt rhodium. # 

Catalytic Partial Oxidation 

The rhodium-corrtaining catalyst was retained as a fixed bed of parses having a tortuosity of 1.5 and 
appbed in the catalytic partial oxidation of methane using the general procedure described in Example 1. 
Tho operating conditions of tho roactor and the results of the experiment are summarised In Table II 
hereinbelow. 



Example 5 - Comparative Example 

For comparison purposes, the experiment of Example 4 was repeated, but with tho omission of the 
platinum foil The operating condign* and the results of tfiie comparative experiment are set out in Table II 
as heretabetow. 

From the data presented In Table I, It can be seen mat, when employing the platinum-containing 
catalyst, operation of the reactor under adiabatfc conditions, that is with the platinum tea in place, resulted in 
a significantly lower operating temperature for the catalyst bed. Further, ft can be seen mat the overall 
conversion of methane and the selectivity of the process to both carbon monoxide and hydrogen increased 
significantly. 

From the data presented in Table II, it can bo seen that a similar pattern with respect to tho methane 
conversion and the selectivity of the process to both hydrogen and carbon monoxide resulted when the 
rhodium-containing catalyst was employed. The rhodium catalyst exhibited a greater intrinsic activity in the 
catalytic partial oxidation reactions than the olatinum catalyst, resulting in an overall conversion and 
+s selectivity much closor to that expected at thermodynamic equilibrium. However, a significant Increase in 
the conversion and selectivity of the process was still observed when employing the rhodium containing 
catalyst under adiabatic conditions. 
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Table I 

Example 1 Exaapla 2 Example 3 

(Comparative) 



Operating Condition* 



Temperature ("C) 


850 


860 


lOO 


Pressure , (bar) 


2 


3 


2 


CHSV m/lAix) 


90P-000 


700,000 


900.000 


Oxygen/Carbon rati* 


0.5 


O "» 


0.5 


Reactor Outlet Gas Composition 




a 


c* 4 (%) 


22 


20 


31 


CO (%) 


34 


34 


28 


co 2 (%) 


5 


6 


? 


H 2 (%) 


31 


3S 


15 


H 2 0 (%) 


8 




20 


CH 4 conversion (%) 


64 


67 


53 


©2 conversion (%) 


100 


100 


100 


CO selectivity (%) 1 


87 


85 


80 


H 2 selectivity (») 2 


79 


86 


43 



1 selectivity to CO based on CH 4 conversion 

2 selectivity to based on CH 4 conversion 
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example 4 


Example 5 (Comparative) 


operating Conditions 


Temperature (*C) 
Pressure (fear) 
GHSV (Nllhr) 

OxygerVCarbon ratio 


# 

1.75 

1.000,000 
0.61 


950 

1.75 
900.000 
0.61 


CH* conversion (%) 
0: conversion (%) 
CO selectivity (%) 1 

Hj selectivity * 


100 

94.0 
99.4 


07.2 

too 

93.5 
93.3 



1 selectivity 10 CO based on CH* conversion 

2 selectivity to Hfe based on CH* conversion 

# temparsturo determined by inspection to be substantially belo*, 950 • c. 



Claims 



*" L P |!^ ° xidetion * a hydrocarbon feedstock, which process comprises 

contacting a feed compnang the hydrocarbon feedstock, an o* y0 en-com*ning gas and. optional* 
^9en-to^b<xi n)oto ratio in the range of from 0.45 to 0.75, at elevated pressure with a 

^ Jn .^^^TV?" ** abatfc ccodf *™- cataryst comprises a metal selected from 
Group VHl of the FW)0 T*bl* supported on a carrier and which catalyst is retained v/Khin the reaction 
a>ne in a fixed arrangement having a high tortuosity. 

*. A process according 10 claim 1. characterised in that the hydrocarbon feedstock comprises methane 
natural go*, associated goo or a source of Uflht hydrocarbons. 

* ^K Pf f C ^K aCCOrdln9 t0 eilhdf of claims 1 " a ^acterised in thai the oxyrjervcontaining gas Is 
substantially pore oxygen. 

*" aCCOfdff1g to any ^^"9 c '*^ characterised in that the food compri^i the hydrocarbon 

ft^T^L^M th l°??t n " COnta?nin9 936 * ***** 30 ^ygeivto^arbon ratio of from 0.45 to 
0.65. preferably about 05. 



fi. A process according to any pracading claim, charactensed In that the food comprb** at*am. preferably 
at a steam*to-carbon ratio of from above 0.0 to 3A more preferably from 0.3 to 2.0. 

& A process according to any preceding claim, characterised in that the catalyst comprises a metal 
Svlocted from ruthenium, rhodium, palladium, osmium, iridium *nd platinum, preferably selected from 
platinum, palladium, rhodium and ruthenium. 

7. A process according to any preceding claim, characterised in that the Fixed arrangement of the catalyst 
is »n a form selected from a fixed bod of a particulate catalyst, 3 metal gauze ana a ceramic foam 
preferably a fixed bed of a particulate catalyst or a ceramic foam. 

8. A process according to any preceding claim, characterised in that the fixed arrangement has a 
tortuosity in the range of from 1.1 to 10.0. preferably from 1.1 to 5.0. more preferably from V3 to 4.0. 

9. A process according to any preceding claim, characterised In that the space velocity of the feed is in 
the range of from 20.000 to 50.000,000 Ml/hr. preferably Irom 50,000 to 10.000,000 NWu. 

10. A process according to any preceding claim, cho/ocieriicd in that the food ,3 supplied at a pressure in 
the ranga of up to 1C0 bar, preferably from 2 to 75 bar. 



EP0S78 096 A2 

11. Carbon monoxide or hydrogen whenever prepared by a process according to any precede claim. 
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